Epidemiological data demonstrate an inverse relationship between consumption of coffee as well as other beverages containing methylxanthines and liver fibrosis. The mechanism may include the action of not only methylxanthines but also phenolic compounds. Regarding coffee and cocoa, the levels of phenolic compounds strongly depend on the form of beans, i.e., raw (green) vs. roasted. The aim of this study was to evaluate the antifibrotic effects of coffee and cocoa extracts (both from green and roasted beans) on liver fibrosis progression in thioacetamide (TAA)-treated rats. Among the investigated extracts, only green coffee extract developed a more pronounced antifibrotic effect, partially preventing TAA-induced liver fibrosis, confirmed by the significant decrease of both total and relative hydroxyproline contents in the liver.
Introduction
Liver injuries affect a large part of the human population. One of the most frequently observed pathological states of the liver is fibrosis. In liver fibrosis, tumor growth factor β (TGF-β) is a cytokine secreted in large amounts. One of the most significant effects of TGF-β secretion is the activation of hepatic stellate cells (HSC). In fibrotic liver, HSC are differentiated and the secretion of extracellular matrix proteins is clearly enhanced, a process commonly known as HSC activation [1] . Hepatocytes are replaced by abundant extracellular matrixes consisting mainly of collagen types I-III-IV, fibronectin, elastin, laminin, and proteoglycans. Because inflammation is a key process contributing to the pathogenesis of liver fibrosis, inflammation reduction, and immune response is an important way of treating liver fibrosis. Some plants produce compounds that inhibit inflammation. Among the phytochemicals exhibiting an inhibitory effect on liver fibrosis, caffeine and its derivatives are mentioned. Chan et al. [2] attributed this effect to the antagonistic activity of caffeine to the adenosine receptor (A2aAR) [3] . Gressner et al. [4] demonstrated that caffeine and paraxanthine inhibit TGF-β-induced collagen tissue growth factor (CTGF) expression.
It was also found that coffee consumption was inversely correlated with serum alanine aminotransferase (ALT) and gamma-glutamyltransferase (GGT) levels, both of which are markers of liver injury and fibrosis [5, 6] . High coffee consumption (> 2 cups per day) was associated with a lower risk of elevated ALT and a lower risk of chronic liver disease. A large cohort study of patients with alcoholic and nonalcoholic cirrhosis demonstrated a strong inverse relationship between coffee drinking (> 4 cups a day) and elevated serum enzyme levels [7] . On the other hand, several studies have shown that decaffeinated coffee also has a protective effect on liver fibrosis, suggesting that the mechanism of action may not depend solely on caffeine [8] . Among the compounds in coffee that may have anti-inflammatory effects are polyphenols that are represented by chlorogenic acids (CGA) that can prevent liver damage by regulating glutathione and thioredoxin antioxidant systems [9] [10] [11] [12] . Antioxidant and reducing liver injury properties show other polyphenols, such as flavonols, contained in cocoa [13, 14] . All the previous studies concerned coffee or cocoa only after roasting. It is known, however, that roasting causes dramatic changes in the composition of polyphenols by reactions with amino acids, polymerization, and degradation to compounds of lower molecular weight. Therefore, in recent years, there has been a steady trend of consumption of both products without roasting. So far, the impact of raw coffee and cocoa on liver fibrosis has not been studied. The aim of the study was to compare the effects of coffee and cocoa before and after roasting on the inhibition of induced liver fibrosis.
Materials and methods

Chemicals and reagents
Analytical-grade hexane was purchased from Poch (Gliwice, Poland); HPLC-grade formic acid and acetonitrile from Fluka (St. Louis, MO, USA); 5-caffeoylquinic acid (99%), caffeic acid (99%), ferulic acid (99%), 3,4-dicaffeoylquinic acid (98%), benzoic acid (99%), catechin (≥ 99%), epicatechin (≥ 98%), epigallocatechin (≥ 90%), procyanidin B2 (≥ 90%), procyanidin C1 (≥ 75%), quercetin (≥ 95%), quercetin-3-O-glucoside (≥ 98%), quercetin-3-O-galactoside (≥ 97%), and quercetin-3-O-arabinoside (≥ 95%) from Sigma-Aldrich (St. Louis, MO, USA); 3-caffeoylqunic acid (99%), 4-caffeoylqunic acid (99%), 3,5-dicaffeoylquinic acid (99%), and 4,5-dicaffeoylquinic acid (99%) from PhytoLab (Vestenbergsgreuth, Germany); and nylon filters from Chromacol (Herts, UK). Ultrapure water (resistivity, 18.2 MΩ cm) was obtained from a Millipore Milli-Q Plus purification system (Bedford, MA, USA). Kits for serum marker enzyme activities were from LaChema (Brno, Czech Republic); kits for TNF-α, TGF-β, IL-6, and IFN-γ determination from R&D Systems GmbH (Wiesbaden, Germany); kits for hyaluronic acid, laminin, type I collagen measurements, and assay kits for measurement of hyaluronic acid, laminin, and type I collagen from Wuhan USCN Sciences Co., Ltd. (Wuhan, China).
Coffee and cocoa beans roasting
Green Robusta coffee beans (Coffea canephora L.) harvested in Brazil in 2016, dry hulled, were purchased from Bero Polska (Gdynia, Poland). Raw Forastero variety cocoa beans (Theobroma cacao L.) harvested in Peru in 2016 with 5.8% water content were purchased from Barry Callebaut (Lodz, Poland). Roasting of coffee and cocoa beans was conducted in a convective automatic CBR-101 roaster with a load capacity of 200 g (Gene Café, Gyeonggi-do, Korea). The temperature of coffee roasting was 230 °C. The time was adjusted to achieve a weight loss of 17% and amounted 12 min. Cocoa beans were roasted for 35 min at 135 °C. The water content of 2.0% in the roasted cocoa beans was the endpoint of the roasting [15] .
Preparing coffee and cocoa extracts
The coffee extracts were obtained using 400 g of ground coffee beans and 1:5.75 (w/w) ratio of ground coffee to water. The suspension was boiled in a pressure vessel (PS-5682 Vienna, Austria) at 110 °C for 10 min, cooled in a water bath to 40 °C, and filtered using a KNF 18 035.3 N vacuum pump (Neuberger, NJ, USA) [16] . The cocoa extracts were obtained using ground cocoa beans and water in 1:3 (w/w) ratio, respectively. The suspensions in Erlenmeyer flasks were placed in a SV1422 Memmert water bath with shaker (Schwabach, Germany). Extraction of bioactive compounds was carried out at 60 °C for 30 min and the suspensions were filtered as above. The extracts were freeze-dried in a DELTA 1-24LSC Christ freeze drier (Osterode am Harz, Germany) and stored at − 25 °C.
Polyphenol and methylxanthine analysis by the UHPLC-DAD-UHR-Q-TOF-ESI-MS/MS
Chromatographic analysis was carried out using UHPLC + Ultimate 3000 system with an auto sampler, an DAD detector from Dionex (Sunnyvale, CA, USA), and an ultrahigh resolution hybrid quadrupole/time of-flight mass spectrometer (UHR-Q-TOF-MS/MS, Bruker Daltonics GmbH, Bremen, Germany) using ESI source. An Accucore™ C18 column from Thermo Scientific (Palo Alto, CA, USA) was used. The mobile phase consisted of water/formic acid (99.9:0.1, v/v) (solvent A) and acetonitrile/water/formic acid (80:19.98:0.02, v/v/v) (solvent B). Flavan-3-ols, procyanidins, gallic acid, and methylxanthines were quantified at 280 nm, while chlorogenic acids at 325 and flavonols at 365 nm. The quantification was performed using the internal standard (benzoic acid) and external standard (corresponding standard except feruloylquinic acids). All feruloylquinic acids were quantified as 5-caffeoylquinic acid equivalents. MS/MS spectra were obtained in collision-induced dissociation (CID) mode. Full-scan mass spectra were acquired in the negative ion mode for flavan-3-ols, flavonols, and CGA, and positive ion mode for anthocyanins and methylxanthines. Identification and peak assignment were based on the comparison of their retention times, UV and full-scan mass spectra, and MS/MS fragmentation patterns with those of authentic standards, as well as the bibliographic references [17] .
Animal experiment design
Male Wistar rats weighing 230-250 g (60 animals) handled at temperature-controlled conditions had free access to water and standard AIN-G93G diet developed by the American Institute of Nutrition. Experimental liver fibrosis was induced by intraperitoneal (i.p.) TAA treatment (200 mg/kg b.w.) two times a week for 10 weeks. After the first 4 weeks of the TAA treatment, the rats were administered the test compounds. The control group and one of the TAA-treated groups, which was used as an experimental control for the tested substances, received water by gavage. The test compounds were dissolved in water and administered daily (100 mg/kg b.w.), intragastrically (i.g.) by oral gavage during the last 6 weeks of the trial. Each group consisted of ten animals. Rats were killed via terminal bleeding under pentobarbital anaesthesia (40 mg/kg, i.p.). The care, use, and procedures performed on these rats were approved by the Ethics Committee of the National Academy of Sciences, Belarus (Protocol no. 10/17 of 20.02.2017), and complied with the European Convention for the Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes and NIH guide for the care and use of laboratory animals (NIH publication no. 80-23; revised 1978).
Analysis of liver histopathology
Liver specimens were fixed in 10% formalin and embedded in paraffin. 5-µm-thick sections were processed routinely for hematoxylin and eosin (H&E), and Sirius red staining. The slides stained with Azan-Mallory were used for morphometric analysis to determine the percentage of liver tissue affected by fibrosis using a computer-assisted image analyzer (BIOSCAN, Minsk, Belarus). Results from 15 random fields per slide (fibrosis index) were calculated as a ratio of the Azan-Mallory-positive area to the total area examined and expressed as a relative square of connective tissue (% to the total slide square) [18] . The relative square of connective (fibrotic) tissue in the liver was evaluated by computer-assisted morphometry and liver hydroxyproline content (relative and total). Analyzing inflammatory infiltration, we registered inflammatory foci consisting of three and more cells in ten fields of view from each slide.
Biochemical assays
Blood was drawn from all animals at the moment of death and the contents of serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) were determined. No significant changes of these parameters were obtained. Specimens of the liver were immediately snapfrozen for hydroxyproline determination. Hydroxyproline content was determined by a modification of Jamall's method [19] . Liver specimens (250 mg each) were homogenized in buffer and hydrolyzed in 5 mL of 6 N HCl at 110 °C for 16 h. After hydrolysis, the samples were analyzed for hydroxyproline content biochemically and quantified spectrophotometrically at 558 nm.
Serum cytokines and fibrosis markers
Cytokines ТNF-α and IL-6 characterized the anti-inflammatory effect of the investigated compounds, whereas changes in TGF-β content, the main profibrogenic cytokine, reflect the inhibition of fibrogenic processes by the extracts. IFN-γ is a pluripotent cytokine developing clear antifibrotic properties. Hyaluronic acid, laminin, and type I collagen are serum markers which reflect the values of components of extracellular matrix (fibrotic tissue). Levels of all the above parameters were measured using the enzyme-linked immunosorbent assay method with the appropriate commercial kits.
Statistical analysis
All the data were expressed as mean ± SEM between groups and compared by the one-way analysis of variance (ANOVA) with the Tukey's multiple comparison post hoc test using Graph Pad Prism 5 (GraphPad Software, Inc., USA). The level of significance was considered at P < 0.05.
Results
Liver histology
The rats are administrated coffee and cocoa extracts of the composition are given in Table 1 . Histological observations of liver sections from control animals showed normal hepatic architecture with sinusoidal spaces, central vein, and radiating hepatic cords (Fig. 1a, g ). Rats treated for 10 weeks with TAA showed severe fibrosis characterized by an obvious increase in extracellular matrix collagen deposition, a formation of porto-portal bridging fibrotic septum throughout the liver parenchyma, and distorted tissue architecture (Fig. 1h) . H&E staining revealed that TAA treatment caused fibrotic scars with portal and lobular inflammatory cell infiltration and periportal necrosis (Fig. 1b) . Liver sections from fibrotic rats administered with green coffee extract showed reduction in fibrosis compared with liver sections of rats treated with only TAA (Fig. 1k) . A reduction of inflammatory signs was observed in groups treated with raw cocoa and green coffee extracts ( Fig. 1c-e; Table 2 ). Other extracts did not show significant improvements of liver histology. Morphometric evaluation of Azan-Mallory stained slides from the TAA-treated group demonstrated a dramatic increase of collagen deposition (more than 7.5-fold, P < 0.0001) where all the investigated extracts did not statistically significantly affect this parameter ( Table 2) . Table 1 Concentration of polyphenols and methylxanthines in green (raw) and roasted coffee and cocoa extracts Different letters in one row for the same product correspond to significant differences (P < 0. 
Macromorphological measurements
We found no changes of body, liver, and spleen weights in all the experimental groups after 10 weeks of the TAA treatment (data not shown). Subsequently, the liver and spleen indices were calculated as the percentage of the body weight. The liver index was decreased in all the TAA-treated groups, where the treatment with all the extracts studied did not affect this ratio, whereas the spleen index did not change in groups treated with TAA and all the investigated extracts.
Liver hydroxyproline
Hydroxyproline is an amino acid which occurs in all collagens and comprised about 12-13% of total amino acid pool in these proteins. Therefore, hydroxyproline is a representative for liver tissue collagen, the main component of extracellular matrix. Liver hydroxyproline serves as a gold standard for an evaluation of fibrosis [20] . It is an extremely stable parameter and an even slight but a significant decrease in it suggests potential antifibrotic activity of compounds studied. After 10 weeks of TAA treatment, we showed dramatically increased liver contents of hydroxyproline, both relative (2.3-fold) and total (2.8-fold) ( Table 2 ). Among the used extracts, only green coffee administration significantly lowered these parameters.
Serum cytokines
As shown in Figs. 2, 3 , 4, and 5, and Supplementary Table 1 , the levels of serum TGF-β, TNF-α, and IL-6 in the TAAtreated group were significantly higher than those in the normal control group. Upregulation of TGF-β was markedly inhibited by all the investigated extracts, whereas only both coffee extracts significantly decreased TNF-α and IL-6 contents in serum. The serum level of antifibrotic cytokine IFN-γ was markedly decreased in the TAA-treated animals as compared to the control group. The treatment of fibrotic rats with both cocoa extracts elevated the value of IFN-γ Fig. 2 TGF-β contents influenced by coffee and cocoa extracts significantly higher than those of the control group, whereas neither raw nor roasted cocoa affected this parameter.
Serum fibrosis markers
Serum hyaluronic acid, laminin, and collagens are important biomarkers of hepatic fibrogenesis used to diagnose liver fibrosis severity both in clinical and under experimental conditions. These parameters are increased with the progression of liver fibrosis. In this study, we showed a significant increase of hyaluronic acid (1.8-fold), laminin (2.7-fold), and type I collagen (4.3-fold) in serum of TAAtreated rats in comparison to the control group (Table 3) . The administration of both coffee extracts markedly decreased hyaluronic acid and laminin contents, whereas collagen I content was lowered only in the green coffee group.
Serum enzyme activity
Serum AST, ALT, and ALP activities are reliable markers of liver damage. When damage of liver parenchymal cell occurs, these enzymes are released into blood stream from the tissue. TAA administration to normal rats significantly elevated the level of serum ALT (1.5-fold), AST (1.9-fold), and ALP (3.3-fold) compared with control rats (Table 3) . At the same time, none of the studied substances affected the activity of these enzymes. 
Discussion
Liver fibrosis is an excessive deposition of extracellular matrix represented mainly as collagens. Fibrosis results from chronic liver injury and is associated with inflammatory diseases, such as viral hepatitis, alcoholic and nonalcoholic steatohepatitis, or autoimmune liver diseases [21] . TAA-induced liver fibrosis has been shown to resemble human pathology, and is widely used for studying of mechanisms of liver fibrosis and testing of antifibrotic and regulating agents [22] . The present study demonstrated that TAA at a dose of 200 mg/kg body weight twice per week over 10 weeks induced liver fibrosis with many histopathological and biochemical alterations in rats. TAA intoxication caused massive deposition of extracellular matrix in the liver which was confirmed by the significant gain in the relative weights of body liver, the dramatic increase in the relative area of connective tissue, and total and relative contents of hydroxyproline in the liver. Moreover, the increased serum content of hyaluronic acid, laminin, and type I collagen also confirmed the development of liver fibrosis in rats. The obtained results showed an elevation in the levels of serum ALT, AST, and ALP that suggested the impairment of liver function which accompanied liver fibrosis. The TAA treatment showed pro-inflammatory responses as evidenced by a significant amount of the number of inflammatory foci in the liver. Furthermore, we demonstrated a significant elevation of pro-inflammatory cytokines, TNF-α and IL-6, in serum, that indicate amplified inflammatory responses in TAAtreated rats. Pro-inflammatory cytokines promote fibrosis in the liver through inhibition of fibrolysis and stimulation of HSC proliferation [23] . In addition, pro-inflammatory signaling pathways, mediated by TNF-α and interleukins, interact with TGF-β, main profibrotic cytokine, which activates fibrogenesis in the liver. As we demonstrated in this study, the treatment of rats with TAA markedly elevated serum content of TGF-β. At the same time, serum level of cytokine IFN-γ, with antifibrotic properties via inhibiting HSC activation decreased in TAA-treated rats [24, 25] . The obtained results showed that, among four tested extracts, only green coffee extract caused the histopathological and biochemical alterations in TAA-treated animals. This extract showed clear antifibrotic effects decreasing contents of total and relative hydroxyproline in the liver, normalizing serum level of main profibrogenic cytokine TGF-β, and lowering contents of serum fibrosis markers: hyaluronic acid, laminin, and collagen I. The anti-inflammatory effect of the green coffee extract was characterized by the significant lowering of inflammatory foci number in the liver and the decrease of pro-inflammatory cytokines: TNF-α and IL-6 levels in serum. This indicated the effectiveness of this extract in the prevention of TAA-induced liver fibrosis. The roasted coffee extract exerted moderate antifibrotic potential. It decreased serum TGF-β, TNF-α, and IL-6 contents, and two serum fibrosis markers: hyaluronic acid and laminin levels. However, no effects of raw and roasted cocoa extracts rich in flavan3-ols and theobromine were found in TAA-treated rats excepting serum IFN-γ which was elevated over the control value after treatments with both cocoa extracts. None of the studied extracts exerted hepatoprotective effect as was suggested by the lack of changes of activities of enzymatic markers in serum. The concentrations of caffeine in green coffee and roasted coffee extracts were comparable and, therefore, we assume that the antifibrotic effect of the green coffee extract is dependent on chlorogenic acids, the content of which in roasted coffee decreased after the roasting at more than sixfold. The study in which the effects of conventional caffeinated coffee and decaffeinated coffee in rats treated with thioacetamide were compared demonstrated that both types of coffee similarly reduce liver fibrosis [26] . The literature data suggest that chlorogenic acids prevents CCl 4 -induced liver fibrosis and inflammation via the suppression of oxidative stress and the inhibition of TLR4/MyD88/NF-κB signaling pathway in the liver [27] . On the other hand, we cannot exclude an additional impact of caffeine on the antifibrotic action of green coffee extract. Caffeine inhibits HSC activation and angiogenesis which precede a deposition of extracellular matrix fibers in the liver [28] . However, in our earlier studies, we analyzed the impact of extracts of coffee and cocoa free of methylxanthines (caffeine and theobromine) on the antioxidant status of blood and organs of rats fed a pro-oxidative diet. The level of substances reacting with thiobarbituric acid, which was an indicator of the presence of oxidized fatty acids, was analyzed. The study showed that the extracts of raw coffee and cocoa improved the antioxidant status of the liver in the pro-oxidative diet [15, 29] . These results were consistent with the results obtained by Salomone et al. [30] , who showed that, in rats, decaffeinated coffee induced the expression of master regulators of redox status. Additional studies aimed at establishing the impact of particular coffee bioactive components on the prevention of liver fibrosis must be undertaken.
Conclusions
In conclusion, among the investigated substances, only green coffee extract developed more pronounced antifibrotic and anti-inflammatory effects, partially preventing TAA-induced liver fibrosis. The antifibrotic effect of roasted coffee extract has been expressed much more weakly than that of green coffee extract. Cocoa extracts (raw and roasted) showed neither antifibrotic nor anti-inflammatory activities in the presented model of experimental liver fibrosis induced by TAA. The green coffee extract was characterized by the highest concentration of polyphenols compering to the other extracts and the role of the chlorogenic acids might be crucial in inhibition of liver fibrosis.
